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ature winding and commutator, and combines within 
itself the functions of a shunt-wound motor and a vari-
able-voltage generator. In size, weight and appear-
ance it corresponds closely to the generator previously 
described. The complete field structure also is lami-
nated. 

The field system comprises two main poles support-
ing the shunt field winding and two smaller auxiliary 
poles, spaced at right angles thereto, which carry the 
regulating windings. These latter comprise a shunt 
winding connected across the supply circuit and an 
opposing series winding included in the welding cir-
cuit. A field rheostat is provided in the shunt cir-
cuit for purposes of adjustment. 

The armature conductors are placed in slots located 
substantially 120 degrees apart around the periphery 
and are connected to the commutator to form an ordi-
nary two-path winding with symmetrical end connec-
tions. 

Four sets of brushes engage the commutator. Two 
sets, in line with the main poles and diametrically, 
opposed, admit current from the source to drive the 
machine. Two other sets, one each displaced 60 
degrees from a main brush, together constitute one 
terminal of the welding circuit, the other terminal be-
ing the main brush midway between them. 

Current regulation is effected by varying the flux dis-
tribution under the poles and, therefore, the voltage 
around the commutator by inherent action of the wind-
ings on the auxiliary poles. These auxiliary poles are 
of like polarity at any instant and, depending on the 
degree of their excitation, act to increase the flux den-
sity in one of the main poles while decreasing it in the 
other. 

With the converter running idly as a motor, the open-

circuit voltage effective on the secondary or working 
brushes is brought 'to the desired value by means of a 
field rheostat, provided for controlling the auxiliary 
shunt field ' current. Upon closing the welding cir-
cuit, however, current traverses the auxiliary series 
opposing winding, resulting in a decrease or even re-
versal of the flux in the auxiliary poles, a simultaneous 
lowering of the flux in one of the main poles and a cor-
responding increase in the other. This transfer of flux 
causes an immediate drop in voltage on the working 
brushes and corresponding increase across the remain-
der. 

Two-thirds of the armature conductors at any in-
stant carry only the input current, the other third 
carrying the difference between the output, or working 
current, and the input current. The resultant dis-
tribution of current, therefore, is such that conductors 
of comparatively small section may be employed as 
compared with those necessary in a generator of 
equivalent capacity. 

During operation the current in the welding circuit 
comes, partly from the supply mains, this being the 
input current which drives the machine, the balance 
being contributed by the machine through generator 
action. 

As a welder the direct-current converter shows an 
efficiency of 65 to 70 per cent. With 200 amperes and 
20 volts at the welding arc the current demand from a 
120-volt source is substantially 25 per cent of the value 
of the welding current or 50 amperes. 

Differing from a generator, in which the flux in the 
complete structure is varied to produce regulation, the 
converter flux is simply transferred from one portion 
to another. Consequently, a notable freedom from 
lag exists. 
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AMONG the requirements which must be met by 
arc welding equipments are simplicity and relia-
bility. Their importance is increased by the 

fact that in a great many cases these equipments are 
installed and operated in locations where no trained 
electrical help is available. A new type of arc welding 
generator is described which inherently possesses the 
electrical characteristics desirable for single operator 
arc welding generators. This results in the elimination 
of external resistors or other regulating devices since 
the generator delivers at its terminals the voltage re-
quired by the arc and the current for which the equip-
ment is adjusted. 

I t has been found that a drooping volt ampere char-
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acteristic or a circuit in which the current decreases as 
the voltage increases, or vice versa, is advantageous for 
successful electric arc welding. This has been obtained 
in the past by the use of constant potential generators 
with a resistance in series with the arc to provide the 
drooping characteristic in the arc circuit. I t has also 
been accomplished by using differentially wound gen-
erators with a separate excitation source to provide 
a stable magnetic circuit to act as a base for the regu-
lation of the generator. In the generator described 
this result is accomplished by what may be called a dual 
magnetic circuit. 

In the generator described the design consists of a 
four-pole field structure and an armature wound for 
two poles. The field poles are paired to give two 
adjacent poles of each polarity. The opposite field 
poles have the same character and are similarly con-
nected in the electrical circuit so that variations in the 
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excitation occur simultaneously in the opposite poles 
and consequently the flux may be considered as two 
individual circuits, each of which passes through a pair 
of opposite poles, the armature and the field ring. 
These two fluxes are independent of each other as long 
as the magnetic structure common to both is not satura-
ted. One of the magnetic circuits, referred to as the 
main field, is designed to provide constant flux and 
thereby maintain constant voltage in that portion of 
the armature under the influence of this field. The 
field poles in this circuit are designed to be saturated 
under normal conditions and therefore the flux will be 
very slightly affected by considerable variations in the 
electrical circuit. The other component of the field is 
at right angles to the first and is referred to as the cross 
field, and in this circuit the magnetic structure is not 
saturated. These two individual fields generate elec-
tromotive forces in the armature which under no-load 
conditions add arithmetically to provide the no-load 
voltage of the generator. As current is taken from the 
load brushes of the generator, however, an armature 
reactio.n is built up which may be resolved into two 
components at right angles, in line with the field fluxes 
described above. One component tends to increase 
the main field flux, the other component opposes the 
cross field flux. On account of saturation in the main 
field magnetic circuit further increase of flux is impos-
sible, but in the cross field circuit the initial flux is re-
duced as the current and armature reaction increase 
and when the generator is finally short-circuited this 
flux is reversed to a value equal to the initial value. As 
the cross field is reduced and finally reversed it is obvi-
ous that the electromotive force generated in the arma-
ture by this flux also decreases and is finally reversed. 
The line voltage of the generator consists of the sum of 
these two voltage components. Under the no-load 
conditions they are equal and on short-circuit the com-
ponent due to the cross field has the same value as at 
no-load but is reversed so that the terminal voltage of 
the generator is zero. 

A differentially connected series winding is placed on 

the cross field poles to assist the armature reaction when 
it is desired to reduce the current output of this gen-
erator. 

I t is a simple matter to produce a generator which 
under steady load conditions has the drooping char-
acteristic considered desirable for arc welding but when 
used for arc welding such machines fail due to slow 
regulation and the lag between the sudden variation in 
the arc and the corrective electrical or magnetic adjust-
ment in the machine. I t should be borne in mind that 
the regulation of this generator is mainly produced by 
the armature itself. Since the armature is the seat of 
the induced voltage it is obvious that if the armature 
itself is the seat of the regulating power this action is as 
intimate as can be obtained.' 

A new development is also described which takes the 
form of a device for automatically feeding a bare wire 
electrode into the welding arc at the exact rate required 
to maintain constant electrical conditions in the arc. 
This device consists of a small direct-current motor 
geared to feed rolls and electrically connected across 
the welding arc through control with the result that 
the speed of the motor and consequently the rate at 
which the wire is fed into the arc varies with the voltage 
across the arc. The result is tha t practically constant 
voltage is maintained across the arc and therefore the 
current will be constant. The arc voltage may be 
maintained below any value which is possible with hand 
manipulation of the electrode, and due to the steadi-
ness of operation the speed of welding may be 
greatly increased over tha t obtained by hand. The 
length of the arc can be maintained at a minimum with 
the result that the metal has little opportunity of being 
oxidized in passing through the arc and the metal 
deposited is therefore of a higher and more uniform 
quality than that found where hand operation is used. 
The field for this device is limited to manufacturing 
production where the number of duplicate welds is 
sufficient to warrant the making of special fixtures for 
holding the work and for facilitating handling. Illustra-
tions of work performed and operating data are given. 

STATUS OF THE WATER POWER BILL 
The Water Power Bill was reported back to the Sen-

ate and House after agreement by the conferees. The 
House promptly accepted the conference report after 
a short debate by a decisive vote of 259 to 30. In the 
natural course of events this practically assured the 
early passage of the bill into law but quite a formidable 
filibuster has developed in the Senate. When this 
issue goes to press, it appears tha t the bill is in serious 
danger unless the conferees make further changes in it . 

I t will be recalled tha t the bill has had a treacherous 
path through many sessions of Congress and that it 
was lost by a narrow margin in the filibuster and legis-
lative jam that came a t the end of the last session of 
Congress. Those in favor of the measure, however, 
are in hopes of forcing a vote. 

I t will also be recalled tha t after passage of this bill 
by both Houses considerable delay resulted in confer-
ence, due to the inability of the conferees to agree on 
points of difference concerning principally the appoint-
ment of executive secretary, definition of navigable 
waters and limitations for awards on severance damages 
incurred on recapture of property at the end of the 
fifty-year license period. The original provision for 
severance damages as provided in the first House bill 
was restored by the conferees. Some are of the opin-
ion that the definition of ' 'navigable waters" as given in 
the conference report will make it impossible for any-
one to build a dam for any purpose in any creek or 
small stream which empties into a navigable river 
without first obtaining a license from the Federal 
Power Commission. 


